In this paper, we use weekly stock market data to examine whether the volatility of stock returns of ten emerging capital markets of the new EU member countries has changed as a result of their accession in the EU. In particular we are interested in understanding whether there are high and low periods of stock returns volatility and the degree of correlation across these markets. We estimate a Markov-Switching ARCH (SWARCH) model proposed by Hamilton and Susmel (1994) and we allow for the possibility that three volatility regimes may exist for stock returns volatility. The main finding of the present study is that the high volatility of stock returns of all new EU emerging stock markets is associated mainly with the 1997-1998 Asian and Russian financial crisis while there is a transition to the low volatility regime as they approach the accession to EU in 2004.
Introduction
In early 1990s a number of Central and Eastern European (CEE) countries established capital markets as part of their transition process towards adopting the mechanisms of a market economy. One of the main objectives of the reformers in the post-communist countries was the creation of private ownership via privatization of state-owned enterprises. As a result, a number of stock markets have been established in the region. The first stock exchange that reopened in the area was the Ljubljana Stock Exchange (LJSE), on March 29, 1990, followed by the Budapest Stock Exchange (BSE), on June 21, 1990 , and the Warsaw Stock Exchange (WSE) on April 16, 1991.
In the aftermath of the establishment of the new stock markets in Central and
Eastern Europe, their government in order to attract foreign capital implemented several measures such as, the improvement of disclosure practices of firms, order execution, ownership rights, and the abolishment of restrictions in capital movements. The first fifteen years of operation of the emerging European stock markets have been characterized by several events that may have affected the volatility of those markets. Such events, were the massive privatization programs that took place in early 1990s, the frequent exchange rate regime changes, the financial and currency 3 crises (i.e. the 1997-1998 Asian and Russian crises) and the European Union (EU) accession process. Understanding the channels the stock markets" volatility changes over time is important since the degree of risk of an asset is an important determinant of its price.
The most popular approaches to modeling volatility of stock returns is the autoregressive conditional heteroskedasticity (ARCH) specification proposed by Engle (1982) and the generalized autoregressive conditional heteroskedasticity (GARCH) specification introduced by Bollerslev (1986) . However, there are some shortcomings in the use of such models for the study of the volatility in stock return data. A number of researchers [i.e. Diebold (1986) , Lamoureux and Lastrapes (1990)] have shown that both ARCH and GARCH models would encounter high persistence in volatility and lower accuracy in the predicting performance due to low probability events (i.e. stock market Crash of 1987 Crash of and the 1997 Crash of -1998 Asian and Russian crises) that reflect structural changes in the volatility process during the estimation period. Hamilton and Susmel (1994) introduced the SWARCH model incorporating Markovswitching and ARCH models. The idea behind the SWARCH model is the use of the Markov-switching specification to model these structural changes and identify breakpoints in an ARCH model of the conditional variance of stock market returns.
Within this framework Li and Lin (2003) argue that the SWARCH model is more appropriate in comparison with the ARCH and GARCH models in modelling the volatility of an emerging Asian stock market (Taiwan) during a period characterized by serious financial turmoil (such as the Asian crisis in 1997). Several studies (Turner et al. 1989; Hamilton and Lin, 1996; Van Norden and Schaller, 1997; Rydén et al. 1998 ) applied the Markov-switching framework to model returns on indices of mature stock markets. Although there is a great number of applications of 4 the SWARCH specification to study the volatility of stock returns for several mature markets there is a limited number of studies of empirical application of Markovswitching models for modelling returns of Central and Eastern European stock market indices those of Linne (2002) , Bialkowski (2004) and Moore and Wang (2007) . However, none of these studies have applied the SWARCH model which this paper thoroughly analyses and applies. This paper contributes to the literature since it examines the volatility patterns of stock returns of the stock markets of the Central and Eastern European countries by utilizing the Markov-switching ARCH (SWARCH) model proposed by Hamilton and Susmel (1994) . This model allows the volatility of the stock returns of these emerging European markets to switch across different states, during the period of reconstruction of the underlying transition economies in the post communist era.
Moreover, we investigate whether periods of increased stock market volatility identified by the SWARCH models coincide across countries and if they match the historical events (i.e. political and financial crises events).
The main findings that emerge from our analysis are summarized as follows.
First, using the SWARCH-L specification we were able to identify two or in some cases three-state regimes for the ten Central and Eastern European countries. Second, with the exemption of Bulgaria, a "low" and a "high" volatility regime has been shown to be statistically significant. Third, based on the estimated transition probabilities we show that the estimated regimes are highly persistent. Fourth, The estimation of the three-state SWARCH specification also leads to the conclusion that apart from Slovenia all other stock markets have been experience very high volatility during the major financial crises during the period 1997-2001. Finally, we argue that the 5 European Union accession process has acted as a stabilizer for the smoothing of volatility of these emerging capital markets.
The rest of the paper is organized as follows. In section 2 we discuss the financial liberalization process and market characteristics of the CEE economies.
Section 3 presents the econometric methodology. In section 4 we discuss the data and the empirical results and section 5 provides our conclusions. the number of listed firms has grown slowly, as a result of a steady approach to the implementation of the privatization scheme.
Market characteristics and financial liberalization
In Table 1 , information is also presented regarding the date when the CEE capital markets opened to foreign investors, following the methodology proposed by Bekaert and Harvey (1995) and Bekaert (1995) . 4 According to that information, most restrictions were lifted from the markets examined between 1996 and 1999. The
Czech market was the first that made some steps towards official capital market liberalization, while the Lithuanian market was the last. However, it is important to point out that the legal restrictions on foreign participation were lifted gradually.
The SWARCH model
In this paper we apply the switching ARCH (SWARCH) model proposed by Hamilton and Susmel (1994) , which has the following specification: 
Byproducts of this estimation process are probability statements about the particular state/regime of the market under study, in time t. When these statements are based on information available through date t, the regime probability is called the "filter probability" [ 
Data and empirical results
The data used in this paper are weekly stock-price indices from January 01, 7 For each model, the negative log-likelihood was minimized numerically using the optimization programme OPTIMUM in GAUSS 7.0 starting with steepest ascent and then switching to the BFGS algorithm. 8 The sample period is not the same for the ten emerging European stock markets, since the opening date of the markets under inquiry range from market to market. Weekly data are used due to the presence of more noise with higher frequencies, such as daily data, which makes it more difficult to isolate cyclical variations and hence obscuresthe analysis of the driving moments of switching behavior. 9 When data were unavailable, because of national holidays, bank holidays, or any other reasons, stock prices were assumed to stay the same as those of the previous day. 10 Expressing the stock price indices in their national currencies restricts their changes to the movements in the stock prices only, avoiding distortions induced by numerous devaluations of the exchange rates that have taken place in the CEE region [see Voronkova (2004) ].
Preliminary Statistics
The summary statistics of stock-index returns in the ten Central Eastern
European markets are presented in Table 2 . Specifically, we present information on the mean, standard deviation, skewness coefficient, kurtosis coefficient, the JarqueBera normality test, and the Ljung-Box test (LB). As expected with emerging equity markets, the index returns series are negatively skewed (with the exception of Romania and Slovakia) and leptokurtic. Moreover, the Jarque-Bera test statistic reveals the typical non-normality of high frequency financial time series. This finding suggests that for these markets, big shocks of either sign are more likely to be present and that the stock returns series may not be normally distributed. In addition most of the stock return series are found to exhibit significant autocorrelation as it is suggested by the Ljung-Box test statistic. The existence of this autocorrelation may be due to nonsynchronous trading of the stocks that form the index. Furthermore, it could be the result to price limitations imposed on the index or other types of market friction, producing a partial adjustment process. 
The MS-ARCH model and estimation results
We now move to modeling the volatility of the CEE stock markets with the estimation of an AR(1)-GARCH(1,1)-t model for each country case. 11 Table 3 reports the estimates of the returna and conditional variance equations. The AR(1) term in the mean equation is significantly positive for Czech The results indicate that the volatility persistence measure is close to one for the majority of the markets examined. 12 These results reveal that the volatility in the GARCH models has the high persistence problems, that according to Lamoureux and Lastrapes (1990) and Hamilton and Susmel (1994) are caused by the structural changes in the statistical process generating the volatility.
Given that the Markov-switching ARCH (SWARCH) model proposed by Hamilton and Susmel (1994) can incorporate these structural changes, we estimated a panel of different SWARCH specifications in order to see which specification captures most of the dynamics in the stock returns examined. We estimated models with q = 0 to 2 autoregressive terms in the ARCH process and for K = 2 or 3 different volatility states, under the Gaussian and Student-t distribution, and with and without the leverage parameter ξ proposed by Glosten et al. (1993) . 13 11 Prior to the estimation of the SWARCH models we conduct unit root and stationarity tests to determine the stochastic properties of the data. We employ the Elliot et al. (1996) Given the rejection of the hypothesis of no regime switch, we continue our analysis with the discussion of the estimation results, as reported in Table 3 . In most cases, the Ljung-Box Q-statistic suggests that there is no autocorrelation in the level of the standardized residuals or in the squared standardized residuals. Thus the twostate SWARCH model captures most of the dynamics in the stock returns examined.
Furthermore, several other interesting findings emerge from the present analysis.
14 According to Hamilton and Susmel (1994) 16 The p-values for the LR tests are so small that we have little doubt that the null hypothesis would be rejected by any more rigorous testing procedures. Despite the acceptance of the null hypothesis of no regime switch for the markets of Bulgaria and Lithuania, we will continue our analysis taking into account these markets as well.
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Firstly, the coefficients of the lagged innovation-squared in the ARCH process of the conditional volatility are all insignificantly different from zero, with the exception of Poland, Slovakia and Slovenia. Therefore, when we take into account the likelihood for the existence of a switching regime in the volatility generating process, the ARCH effect seems to be reduced or even disappear in most markets examined. 18 Secondly, the switching parameters (the 2 's  ) are in all cases significantly different than one, with the exception of Bulgaria where the switching parameter is not statistically significant at the 5% level of significance. These results reveal that we are able to distinguish for all the markets, except for Bulgaria, a "low" and a "high" volatility regime, while the 2  parameter is the ratio between the two states. Specifically, in our two-state case, the "high" volatility regime is on average 6.42 times higher than in the "low" volatility regime. Moreover, in two extreme cases, for Estonia"s stock market returns the "high" volatility regime is on average 10.6 times higher than that in the "low" volatility regime, while for Czech Republic"s stock market returns the "high" volatility regime is only 2.3 times higher than that in the "low" volatility regime.
Finally, the estimated transition probabilities ( (1-p ) 100.33   weeks, while the "high" volatility regime last on average for 48.22 weeks. Thus, the CEE stock markets remain in the "low" volatility state relatively more than in the "high" volatility state. In Figures 2-10, we present the emerging smoothed probabilities of the "high" and the "low" volatility regimes based on the estimates of the MS-ARCH model for each CEE stock market. 18 We also estimated a SWARCH model which incorporates a leverage effect in the volatility process.
The results indicate that, with the exception of Czech Republic, there is no evidence for an asymmetric effect of negative news on conditional volatility. Thus, the unexpected negative surprises to returns do not cause a bigger impact on volatility than positive news.
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The regime identification have been done following the methodology proposed by Hamilton (1989) , according to which an observation belongs to regime i if the smoothed probability 13 ( , ,..., )
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  is higher than 0.5.
We now move to the discussion of our results. With respect to the Czech Republic, the estimated smoothed probabilities in Figure 2 reveal that the Czech stock returns are in the high volatility state during the first years of the period examined.
This period seems to be associated with the increased instability observed in the emerging CEE stock markets during the first years after the transition. stays in the low volatility state, in a period that characterized by exchange rate stability, since a currency board exchange rate system was introduced in 1999. 20 As for the case of Hungary, the low volatility in the first years of the period examined is not surprising, since the BUX index did not present (see Figure 1) In Poland, the initial period of high volatility in 1993-1995 seems to be associated with the burst of the speculative bubble, which according to Bolt and Milobedzki (1994) was caused by the change in the monetary policy implemented by 20 Estonian stock returns switched to the high volatility state only for few weeks at the end of 1999 (EU confirmed Estonia as a tier-one candidate),in the fall of 2001 (11 th September terrorist attacks in US) and in September 2003 (Estonians vote overwhelmingly to join the European Union in a referendum). 21 The high volatility regime in 1994 and also 1996 coincides with the start of the privatization of the banking sector and the dramatic increase in foreign direct investments respectively. 22 Russia threatened trade sanctions against Latvia in response to political disputes during the spring of 1998. Furthermore, the Latvian market was seriously affected by financial crisis in Russia since Latvian companies had large exposures to Russia. 23 The period between March to May 2003 the RICI index raised by about 65%.
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the National Bank of Poland. 24 In May 1995, Poland"s exchange rate system moved from a crawling peg to less restrictive crawling bands, a fact that may explain the low volatility regime in the subsequent period. 25 The increased probability to remain on the high volatility regime in 1998 corresponds to the Russian financial crisis.
Turning our attention on the Romanian stock market we observe that the stock market returns switched from the low volatility regime to the high volatility regime during the first five years of the sample. This is shown in Figure 8 . Thus, we argue that the period of high volatility in 1997-1998 can be attributed to the financial crises According to Figure 9 , stock market returns in Slovakia appear to remain in the low volatility regime for most of the period under examination. The stock returns volatility is in the high volatility regime in 1994, reflecting the instability of the young Slovakian stock market in the first years after the transition. Furthermore, the period of high volatility in 1999 may be associated with the large depreciation of the Slovak Koruna and the political instability observed around this time. 24 In 1993, the National Bank of Poland reduced substantially the interest rates which made investments on the Warsaw Stock Exchange very attractive, given that the high inflation rates made returns on all commercial bank accounts negative. The burst of the bubble occurred since the trading on the WSE was based not on future corporate profits, but on hopes of increased share prices. 25 The low volatility regime observed in the period after the beginning of 1999, may be attributed to the floating exchange rate system introduced officially in April 2000 [unofficially the floating exchange rate system have been instituted in July 1999, according to Kierzenkowski (2005) ], and the increase of institutional ownership after the appearance of Polish pension funds on 19 May 1999 [see Bohl and Brzeszczynski (2006) ].
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Finally, as for Slovenia, the early period of high volatility in [1994] [1995] [1996] [1997] [1998] [1999] coincides with the financial crises in south-Asia (late 1997) and Russia (August- This finding may imply that the emerging European stock markets might be affected by some kind of "volatility contagion" throughout the crises turmoil. Following Edwards and Susmel (2001) , we investigate this issue further by estimating, for the markets examined, a three-state SWARCH specification. The third state is named as "unusually high volatility" and the results are reported in Table 4 . According, to these results the most CEE stock returns have a long stay in the "unusually high volatility"
regime around the 1998 Russian crisis period. Moreover, the Baltic markets are those that seem to be affected more by that crisis event, since the Baltic States have relatively stronger political, financial and trade relationships with Russia as being former Soviet Union member states (see Black et al., 2000) . Moreover, it is observed that the Southeast Asia crisis had a smaller impact on the emerging CEE stock markets. 26 Finally, the fact that most of these stock markets experienced a significant increase in the stock returns volatility ("unusually high volatility" regime) particularly around the period of the 1998 Russian crisis is indicative, but does not constitute statistical evidence in favor of the "volatility contagion" hypothesis.
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An additional interesting feature of our results is that the European Union accession process appears to be an important factor that acts as a stabilizer in the volatility of these stock markets. Stock returns seem to be in the low volatility regime from the early 2000"s, much before the time of entry to the EU in May 2004, since the date of entry was known among the market participants prior to that date. 28 Moreover, the lift of the restrictions on foreign investors seem to cause a switch to the high volatility regime in the short-run but acts as another stabilizer factor of stock markets" volatility in the long-run. This result is in line with the finding of Bohl and Brzeszczynski (2006) , who concluded that the increase of institutional ownership after the establishment of Polish pension funds on 19 May 1999 reduced the Polish returns volatility.
Summary and concluding remarks
In this paper, we used a Markov-switching ARCH (SWARCH) model to examine the volatility patterns through time for a group of ten, new EU members, The main findings that emerge from our analysis are summarized as follows.
First, using the SWARCH-L specification we were able to identify two or in some cases three-state regimes for the ten Central and Eastern European countries. Second, with the exemption of Bulgaria, a "low" and a "high" volatility regime has been shown to be statistically significant. Third, based on the estimated transition probabilities we
show that the estimated regimes are highly persistent. Fourth, the estimation of the three-state SWARCH specification also leads to the conclusion that apart from Slovenia all other stock markets have been experience very high volatility during the major financial crises during the period 1997-2001. Finally, we argue that the European Union accession process has acted as a stabilizer for the smoothing of volatility of these emerging capital markets.
These results may be of interest to academic researchers and practitioners who study the workings of emerging markets as well as to investors and portfolio managers who are active in emerging markets and they consider the inclusion in their portfolios equities from the CEE stock markets. Notes: Each date refers to the week that each CEE market started being in the "unusually high volatility" state (state 3) around the time some major financial crises occurred. The number in parenthesis corresponds to the weeks each market was in the "unusually high volatility" state during each crisis. The dash (---) means the market was not in the third state during the given crisis. * means that the estimation of the SWARCH (3,1) specification was not possible for the Slovenian market. 
